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ABSTRACT

Sulfaguanidine azomethine and its coordination compound with copper were characterized by
infrared spectroscopy. The cyclic voltammetric analyses of the ligand and complex were
conducted at different scan rates and pH values. The ligand exhibits a single irreversible
reduction wave in the electrochemical tests, while the Cu (II) complex exhibits a quasi-

reversible wave. The kinetic parameters have been evaluated and discussed.
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INTRODUCTION

The biological action of azomethines and their coordination compound shows diverse
properties!™, analytical implications and impacts of corrosion inhibition °8. The condensation
of compounds having carbonyl group and primary amino group leads to formation of Schiff
bases °"1°. Biological systems, metals, semiconductors and polymers among the materials for
which electrochemical reactions were known'#2!. Electrochemical methods were heavily
involved in many different fields, including materials science, analytical chemistry, solid-state
chemistry, preparative chemistry, and microelectronics 2. A typical three-electrode method like
cyclic voltammetry and polarography were used to study electrochemical reactions. Cyclic
voltammetry gained popularity as a method for learning about the reversible nature of electrode
transfer processes and the production, reduction, and oxidation of intermediates®*>. This paper
describes the synthesis of the Cu (II) complex with 2-Ac-5-CIThSG as well as spectroscopic
and cyclic voltammetric investigations.
EXPERIMENTAL

Synthesis of 2-acetyl-5-clorothiophene sulfaguanidine: All the starting materials were
utilized without further purification because they were analytical grade and the purest
accessible. Sulfaguanidine and 2-acetyl-5-clorothiophene are purchased from TCI. 2-Acetyl-5-
chlorothiophene sulfaguanidine (2-Ac-5-CIThSG) was made by reaction of 0.1 M 2-acetyl-5-
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chlorothiophene with a sulfaguanidine in a 1:1 molar ratio using ethyl alcohol as solvent. The
above solution is then heated for approximately 4:30 hours at 45°C. The resulting product was
then dried with ethanol and purified. Once recrystallized in ethanol, the brown solid crystals

were recovered. The findings indicated a melting point of 175°C and a yield of 68%.
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Fig.1. Scheme of 2-Acetyl-5-chlorothiophene sulfaguanidine (2-Ac-5-CIThSG)

Formation of complex: The ethanolic solution of 2-Ac-5-CIThSG was mixed with an
ethanolic solution of CuCl.2H>0O in a vigorous manner to create the copper (II) complex,
which was prepared at a 1:2 ratio. The resulting mixture was heated to sixty degrees celsius
under reflux while being stirred for four hours. After that, it was allowed to cool and evaporate
into its third volume. After isolating the resulting deep green complex, vacuum-dry it over

anhydrous calcium chloride and clean it with ethanol.
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Fig.2.- Copper (II) complex of 2-Ac-5-CIThSG ligand

Results and Discussion

The Cu(Il) complex's and the ligand's infrared spectra were obtained using the KBr pallet. The
absence of ketonic and amino groups in the condensation product of 2-acetyl-5-
chlorothiophene and sulfaguanidine and presence v(C=N) (1625 cm™) group is indicative of
the Schiff base formation as shown in infrared spectral studies. The complex spectra show a v
(C=N) band in the 1614-1620 cm™! region that moves to a lower side number to indicate that
the nitrogen atom is the mechanism via which the ligand and metal coordinate. In analyzing
the creation of the new peak in the region 510-560 cm-1 assigned to v Cu=—N_ take into

account the bonding of the copper ion to N atoms. 2

Elemental analyses-
On the C, H, N and S elemental analyzers, elemental analysis was performed using a
microanalytic approach. Using a melting point instrument, the melting points of the 2-Ac-5-

CIThSG and Cu(Il) complex were determined to be 175°C and 214° C, respectively.

Table-1: Elemental analyses
Cyclic voltammetric studies of 2-acetyl-5-clorothiophene sulfaguanidine

CV measurements were carried out using a computer-controlled Digital Constant Current

Source. The electrode assembly used for these experiments was incorporated with an
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S.No. Ligand/ Colour Yield(%) Elemental analysis(%): found (cal.)
complex (M.Wt.) C H N S Cu
1.C13H13CIN4028, (356.58) White 72 43.75 3.67 15.70 17.97
(43.70)  (3.65) (15.66) (17.92)
2.C26H24C14CuNg04S4 (848.15) Deep green 66 36.82 3.09 13.21 15.12 7.49
(36.76)  (3.06)  (13.19) (15.09) (7.46)

electrochemical cell with a three-electrode configuration system comprising of the working
electrode (GCE), reference electrode (Ag/AgCl/KCl) and a platinum wire (auxiliary electrode).
Electrochemical observations were done in a variety of solvents, such as ethanol, acetone, and
DMEF, utilizing phosphate and Britton-Robinson (BR) bufters at different pH values. The study
aimed to examine how factors such as solvent type, buffer composition, scan rate, and pH
influence the redox behavior of the compound. The experimental setup involved 10 ml of a test
solution, comprising 1 ml of a 1 X102 M of the 2- Ac-5-CIThSG and 9 ml of appropriate buffer
of selected pH. Cyclic voltammetry was conducted at varying scan rates of 50, 100, 150, 200,
and 250 mV/s within a potential window ranging from +1000 mV to -1600 mV. The peak
potentials (Ep) and peak currents (Ip) for each observed peak, along with the kinetic parameters

determined using equations 1-3, are detailed in Tables 2-5.%
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Table 2. Voltametric parameters of ImM 2-acetyl-5-chlorothiophenesulfaguanidine in acetone-
phosphate buffer.

Scan Cathodi | Cathodi | Haif | CAthed | Charge | Diffusion | o,
pH rate ¢ peak ¢ Peak peak ic peak | transfer | coefficient constant
level (mVs') | potential | current current (cm.s™)
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(mV) (nA) | potenti | / Scan | coefficie | x 103(cm?s
al rate!? | nt D)
(mV)

50 -872 6.80 -750 0.96 0.39098 9.68108 3.15E-08

100 915 12.93 -762 1.29 0.29264 15.04558 9.24E-07
5 150 -940 15.8 =770 1.29 0.29264 15.01142 1.03E-06

200 -960 17.7 =779 1.25 0.26354 15.3466 2.52E-06

250 -969 19.1 -781 1.20 0.25372 15.57023 3.7E-06

50 -925 10.70 =755 1.51 0.318 16.89127 3.07E-07

100 -931 10.73 =771 1.07 0.29813 12.37012 5.87E-07
7 150 -972 18.37 -782 1.49 0.25105 18.84346 3.71E-06

200 -975 21.03 -842 1.48 0.35865 15.63025 6.93E-08

250 -980 19.42 -789 1.22 0.24974 15.47078 3.89E-06

50 -930 11.04 =770 1.56 0.31382 17.59136 3.47E-07

100 -972 14.0 =775 1.40 0.24213 17.90939 3.96E-06
8.2 150 -976 15.73 -784 1.28 0.24844 16.21995 3.37E-06

200 9717 18.80 -785 1.32 0.24844 16.78843 3.99E-06

250 -982 21.05 =795 1.33 0.25508 16.59285 5.05E-06

Table 3. Voltammetric parameters of ImM 2-acetyl-5-chlorothiophenesulfaguanidine in DMF-

phosphate buffer.
Scan | Cathodi | Cathodi | Half | C3thedi| Charge | Diffusion | o,
pH rate cpeak | cpeak peak cpeak | transfer | coefficien constant
level (mVs') | potentia | current | potentia current/ | coefficie | tx1(° (cm.s™)
1 (1A) 1 Scan nt (ecm?s 1)
mv) mv) rate!/?
50 -924 19.20 -808 2.71 0.41121 26.65395 1.95E-08
100 -936 25.10 -815 2.51 0.39421 25.16443 3.9E-08
5 150 -946 304 -823 2.48 0.3878 25.09003 5.13E08
200 -953 342 -825 241 0.37266 24.93629 9.11E08
250 -954 38.4 -832 242 0.39098 24.4495 5.1E-08
50 -949 21.7 -852 3.60 0.49175 27.54734 | 7.5E-10
100 -988 28.3 -862 2.83 0.37857 28.9528 3.61E-08
7 150 -990 32.8 -872 2.67 0.40424 26.51464 | 1.51E-08
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200 -1000 38.1 -875 2.69 0.3816 27.45257 | 3.62E-08
250 -1026 39.7 -880 2.51 0.32671 27.65136 | 2.3E-07
50 -1042 222 -936 3.13 0.45 29.46042 | 7.04E-10
100 -1114 25.0 -955 2.5 0.30084 28.69124 | 1.45E-07
8.2 150 -1120 31.5 -956 2.57 0.29085 30.01978 | 2.55E-06
200 -1177 40.6 -962 2.87 0.22186 38.36619 | 4.21E-06
250 -1178 45.4 -975 2.87 0.23498 37.28615 | 2.56E-06

Table 4. Voltammetric parameters of 1mM 2-acetyl-5-chlorothiophenesulfaguanidine in
acetone BR buffer.

Scan Cathodi | Cathod Half Cathod | Charge | Diffusion Rate
pH rate c peak | ic peak peak icpeak | transfer | coefficien constant
level (mVs?') | potenti | current | potentia current | coefficie | t<10° (cm.s™)

al WA) 1 /Scan | nt (cm?s 1)
mv) mv) rate!/?
50 -900 24.0 -803 3.3941 0.44579 31.99914 | 8.93E-09

100 -935 32.2 -807 3.22 0.3816 32.81171 | 8.41E-08
5 150 -957 35.6 -814 2.90 0.3417 31.30106 | 2.99E-07

200 -970 36.1 -815 2.5526 | 0.30774 28.96526 | 8.73E-07
250 -993 393 -819 2.4855 0.27414 29.88266 | 2.65E-06
50 -930 18.1 -810 2.5597 | 0.3975 25.55655 | 2.75E-08
100 -960 25.6 -815 2.56 0.32897 28.09564 | 3.15E-07
7 150 -965 26.5 -820 2.16 0.32897 23.74648 | 3.06E-07
200 -970 28.1 -824 1.98 0.31671 21.88201 | 3.32E-07
250 -992 30.1 -840 1.90 0.31382 21.39111 | 3.42E-07
50 -935 16.6 -812 2.34 0.3878 23.72992 | 3.31E-08
100 -975 28.0 -840 2.8 0.35333 29.65138 | 1.13E-07
8.2 150 -980 31.0 -850 2.53 0.36692 26.30314 | 6.95E-08
200 -987 32.0 -886 2.26 0.47228 20.72585 | 1.43E-09
250 -996 33.0 -890 2.08 0.45 19.58461 | 2.34E-09
Table 5. Cyclic voltammetric data for 2-Ac-5-CIThSG in acetone, ethanol and DMF.
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Scan | Cathodi | Cathod | Half | C3thed | Charge | Diffusion | oo
pH rate cpeak | ic peak peak ic peak | transfer | coefficient constant
s 3 2
level (mVs') | potenti | current | potentia current | coefficie | x10° (cm”s (cm.s)
-1
al @A) |1 (mv) /Scan | nt )
12
(mV) rate
50 -930 11.07 =770 1.56 0.31382 17.59136 3.47E-07
100 -972 14.0 =775 1.40 0.24213 17.90939 3.96E-06
Acetone | 150 -976 15.73 -784 1.28 0.24844 16.21995 3.37E-06
200 -977 18.80 -785 1.32 0.24844 16.7884 3.93E-06
250 -982 21.05 =795 1.33 0.25508 16.59285 5.05E-06
50 -993 17.7 -830 2.51 0.29264 29.24238 5.85E-07
100 -1025 27.40 -859 2.74 0.28735 32.17526 5.47E-07
Ethanol | 150 -1034 28.45 -861 2.32 0.27572 27.8455 1.16E-06
200 -1068 33.38 -878 2.36 0.25105 29.6529 2.64E-06
250 -1085 34.30 -885 2.16 0.2385 27.961 3.9E-06
50 -1042 22.2 -936 3.13 0.45 29.46042 7.04E-10
100 -1114 25.0 -955 2.5 0.30084 28.69124 1.45E-07
DMF 150 -1120 31.5 -956 2.57 0.29085 30.01978 2.55E-06
200 -1177 40.6 -962 2.87 0.22186 38.36619 4.21E-06
250 -1178 454 -975 2.87 0.23498 37.28615 4.56E-06
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Fig. 3 Voltammetric curves of ImM 2-Ac-5-CIThSG in acetone-phosphate buffer at (I) pH 5
(IT) pH 7 (IIT) pH 8.2
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Fig. 4 Voltammetric curves of ImM 2-Ac-5-CIThSG in DMF phosphate-buffer at (I) pHS (II)

pH 7 (III) pH 8.2
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Fig. 5 Voltammetric curves of ImM 2-Ac-5-CIThSG in acetone-BR buffer at (I) pH 5 (II) pH
7 (1) pH 8.2
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Fig. 6 Voltammetric curves of ImM 2-Ac-5-CIThSG ethanol-phosphate buftfer at pH 8.2

Effect of scan rate on electrochemical characteristic of 2-Ac-5-CIThSG

The scan rate was altered across all cyclic voltammograms, ranging from 0.050 V/s to 0.250
V/s. As the scan rate increased, the cathodic reduction potential shifted towards more negative
side, indicating the irreversibility of the electrochemical process. Variation of the reduction
potential (Epc) linearly with respect to the natural logarithm of the scan rate (Inv) further
supports the irreversible nature of the reduction process. At higher scan rates, a larger shift in
peak potential was observed. The data presented in Tables 2 through 4 suggest that these
28-29

electrochemical processes are controlled by diffusion under the given conditions

Furthermore, the cathodic peak current (Ipc) showed an increase as the scan rate was raised.

Effect of pH of medium

Cyclic voltammetric studies of the effect of pH on the reduction of the 2-Ac-5-CIThSG were
carried out in order to relate them to the CV data obtained.The peak potential (Epc) valus of 2-
Ac-5-CIThSG have been observed in three distinct pH of the test solution. Peak potential values
on 50 mV/s scan rate shifted from -924 mV at pH 5, to -949 mV at pH 7 and further shifted to
-1042 mV at pH 8.2. On a 250 mV/s scan rate, Epc values shifted from -954 mV at pH 5 to -
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1026 mV at pH 7, and further shifted to -1178 mV at pH 8.2 (table-3). Same results are also

observed in tables 2 and 4. It is deduced from this behavior that a protonation takes place®.

1400 @®pH7 ®pHS @pH5
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1000 55/;3:/4—1—"3:4;

800

o
Q.
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200

3.5 4 4.5 Inu

Fig-7. Graph of peak potential against natural logarithm of scan rates: pH 5, 7, and 8.2

Effect of solvents and buffers on electrochemical parameters of 2-Ac-5-CIThSG

In the present investigation, it was observed from table 5, the reduction peak potentials are -
930 in acetone, -993 in alcohol, -1042 in DMF an applied scan rate 50 mV/sec. The cathodic
shift in the reduction potentials on going from acetone to DMF is attributed to the solvent
polarity, steric factor, dielectric constant, and viscosity’!*?. Similar observations are reported

on other scan rates (fig. 8).

1400

1200

1000 i__//‘ﬁiﬁ
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-Epc

400
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3.5 4 4.5 5 5.5 6
Inu
® Ethanol @ DMF @ Acetone

Fig. 8 Peak potential vs natural logarithm for ImM 2-Ac-5-CIThSG in different solvents with
phosphate buffer

The nature of the buffer system used, at a fixed pH has impacts on the electrochemical reduction

of 2-Ac-5-CIThSG. The results showed that in the phosphate buffer, the cathodic peak potential
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(Epc) values were -925 mV at a scan rate of 50 mV/s and -980 mV at 250 mV/s. In contrast,
the Britton-Robinson buffer exhibited Epc values of -930 mV at 50 mV/s and -992 mV at 250
mV/s at pH 7. These findings indicate that the Britton-Robinson buffer has more negative
cathodic peak potentials compared to the phosphate buffer at the same pH levels and scan rates.
This suggests that the polarity of the buffer solutions has a significant effect on the

electrochemical reduction process®>>*, as highlighted in Tables 2 and 4.
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Fig-9. Peak potential vs natural logarithm for ImM 2-AC-5-CIThSG in different two types
of buffers

CV studies of coordination compound of Cu(II) with 2-Ac-5-CIThSG

The cyclic voltammogram of 2-Ac-5-CIThSG copper (II) in DMF using NaClO4 as supporting
electrolyte (fig. 10). The cyclic voltammograms indicated negative potential values for the
complex, ranging between -0.47 and -0.58 volts. A corresponding anodic wave appeared during
the reverse scan, occurring between -0.01 and 0.073 volts, with peak separation (AEp) varying
from 0.460 to 0.512 volts (table 6). The redox reaction is attributed solely to the copper ion, as
no anodic or cathodic peak was shown for the ligand in the potential window chosen for
the copper complex. Additionally, a quasi-reversible peak in the cyclic voltammogram
corresponds to the conversion between Cu(Il) and Cu(]) at a specific potential. The mechanism
is characterized by a one-electron transfer, as indicated by the ratio of anodic to cathodic peak
currents (Ipa/Ipc)**~7 being less than one. Furthermore, a linear relationship between the square
of the scan rates (v'/?) and the cathodic peak current (Ipc) was observed (Fig. 11), supporting

the idea that diffusion control predominantly governs these electrochemical processes.
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Fig. 10 Voltammetric curves of 1 mM Cu complex of 2-Ac-5-CIThSG

Table 6. Voltametric characteristic of ImM Cu (II) complex.

Sean | Cathodic | Anodic ) Peak | gy Cathodic | Anodic | Anodic | Cathodic
rate peak peak separation
(mVs™ | potential | potential | (mV) peak Peak Peak Peak Peak
1
) (mV) (mV) potential | current | current | current/ | current
(mV) (nA) Cathodic | /Scan
12
(nA) Peak rate
current
50 -470 -10 460 -340 6.0 5.8 0.96 0.8485
100 -521 31 490 -371 8.63 8.5 0.98 0.76
150 -537 39 498 -375 12.0 11.2 0.94 0.9797
200 -560 58 502 -378 14.7 13.4 0.95 1.039
250 -585 73 512 -390 16.9 14.5 0.90 1.02
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Fig. 11 v"?vs Ipc for ImM Cu(II) complex of 2-Ac-5-CIThSG

Conclusion

Cyclic voltammetric studies demonstrated that the electrochemical behavior of the 2-Ac-5-
CIThSG ligand is irreversible and regulated by diffusion, occurring across various pH levels
and scan rates ranging from 0.050 V/s to 0.250 V/s. The reduction potential was observed to
be influenced by the pH of the experimental solution, the scan rate, and the type of buffers
used. As the pH and scan rate increased, both the cathodic peak potential (Epc) and half-wave
potential (Epl/2) shifted towards more negative values. Furthermore, the cyclic
voltammograms of the Cu(Il) complex indicated a quasi-reversible redox mechanism

characterized by one-electron transfer.
Acknowledgment

We are thankful to HOD, Department of Chemistry, UOR, Jaipur. One of us (NKV) would like
to acknowledge the CSIR for financial support.

Volume 17, Issue 08, August/2025 Page No0:170



The International journal of analytical and experimental modal analysis ISSN NO: 0886-9367

References

1. Rauf, A.; Shah, A.; Khan, A. A.; Shah, A. H.; Abbasi, R.; Qureshi, I. Z.; Ali, S.
Spectrochim. Acta, Part A., 2017, 176, 155-167.

2. Mohamed, G. G.; Omar, M. M.; Hindy, A. M. Turk. J. Chem., 2006, 30, 361-382.

3. Nageeb, A.S.; Morsi, M. A.; Gomaa, E. A.; Hammouda, M. M.; Zaky, R. R.
J.Mol.Struct., 2024,1300,137281.

4. Nanjundan, N.; Narayanasamy, R.; Geib, S.; Velmurugan, K.; Nandhakumar, R.;
Balakumaran, M. D.; Kalaichelvan, P. T. Polyhedron., 2016, 110, 203-220.

5. Ashassi-Sorkhabi, H.; Shabani, B.; Aligholipour, B.; Seifzadeh, D. App. Surf. Sci.,

2006, 252, 4039-4047.

Volume 17, Issue 08, August/2025 Page No:171



The International journal of analytical and experimental modal analysis ISSN NO: 0886-9367

6. Ehteshamzade, M.; Shahrabi, T.; Hosseini, M. G. App. Surf. Sci., 2006, 252, 2949-
2959.

7. Dadgarnezhad, A.; Sheikhshoaie, 1.; Baghaei, F. Asian J. Chem., 2004, 16, 1109-1118.

8. Chebout, O.; Bouchene, R.; Bouacidaa, S.; Boudraaa, M.; Mazouz, W.; Merzougui, M.;
Ouari, K.; Boudaren, C.; Meraziga, H. J. Mol. Struct.,2022,1247, 131346.

9. Dey, R. K.; Jha, U.; Singh, A. C.; Samal, S.; Ray, A. R. 4nal. Sci., 2006, 22(8), 1105-
1110.

10. Sabry, S. M. J. Pharm. Boimed. Anal., 2006, 40(5), 1057-1067.

11. Okochi, M.; Ohta, H.; Taguchi, T.; Matsunaga, T. Electrochim. Acta., 2005, 51(5), 952-
955.

12. Salimi, A.; Mamkhezri, H.; Mohebbi, S. Electrochem. Commun., 2006, 8(5), 688-696.

13. Gholivand, M. E. B.; Ahmadi, F.; Rafiee, E. Electroanalysis (N. Y. N. Y.)., 2006, 18(16),
1620-1626.

14. Liu, G.; Cogan, D. A.; Owens, T. D.; Tang, T. P.; Ellman, J. A. J. Org. Chem., 1999,
64(4), 1278-1284.

15. Anilkumara, H. A.; Krishnamurthy, G.; Manjunatha, M.N.; Pari, M.; Ranjitha, N.; Rani,
R. S. P, Akarsh G. Y. J. Mol. Struct., 2024,1315,138752.

16. Dalpozzo, R.; De Nino, A.; Nardi, M.; Russo, B.; Procopio, A. Synthesis., 2006, 7,
1127-1132.

17. Naeimi, H.; Salimi, F.; Rabiei, K. J. Mol. Catal. A: Chem., 2006, 260(1-2), 100-104.

18. Vass, A.; Dudas, J.; Varma, R. S. Tetrahedron Lett., 1999, 40(27), 4951-4954.

19. Tanaka, K.; Shiraishi, R. Green Chem., 2000, 2(6), 272-273.

20. Kumar, U.; Chandra, S. J. Saudi Chem. Soc, 2011,15, 187.

21. Pandhare, G.R.; Shindea, V.M.; Deshpandep, Y. H. Rasayan J.Chem., 2008, 1(2), 337.

22. Pradhan, A.; Koshal, A. K. J. Environ. Res. Develop., 2015, 9, 1168.
23. Riyahee, A. A.; Hadadd, H.; Jaaz, B. Orient. J. Chem., 2018,34(6), 2927.

24. Elgrishi, N.; Rountree, K. J.; McCarthy, B. D.; Rountree, E. S.; Eisenhart, T.T.;
Dempsey, J. L. J. Chem. Educ., 2018, 95, 197-206.

25. Jaishri, N. B.; Rhul, B. M. J. Pharm. Innov., 2018,7 ,149.

26. Balaee, 1. C.; Verma, N. K.; Jharwal, M.; Meena, S.; Varshney, S. Orient. J. Chem.
2022, 38(2), 318-326.

27. Sharma, P.; Kumar, A.; Pandey, P.; Bull. Electrochem.2004,20(1),25-28.

28. Abdallah, M.; Alharbi, A.; Morad, M.; Hameed, A. M.; Al-Juaid, S.S.; Foad, N.;
Mabrouk, E.M. Int. J. Electrochem. Sci.,2020,15, 6522—-6548.

Volume 17, Issue 08, August/2025 Page No:172



The International journal of analytical and experimental modal analysis ISSN NO: 0886-9367

29.

30.

31.

32.

33.
34.

35.

36.
37.

Kumawat, G. L.; Choudhary, P.; Varshney, A.; Varshney, S. Orient. J. Chem., 2019,
35(3),1117-1124.

Balaee, 1.C.; Gupta, V.; Sharma, R.; Varshney, S. Int. J. Chem. Stud. 2022;10(5):77-
85.

Bairwa, B. S.; Goyal, M.; Sharma, 1. K.; Varshney, S.; Verma, P. S. Indian J. Chem.,
2007, 46, 778-782.

Sangtyani, R.; Rawat, J.; Verma, P. S.; Varshney, A. K.; Varshney, S. J. Indian Chem.
Soc., 2011, 88(10), 1553-1560.

Stern, C. M.; Meche, D. D.; Elgrishi, N.; RSC Adv., 2022,12,32592-32599.
Choudhary, P.; Kumawat, G.L.; Sharma, R.; Varshney, S. Int. J. Pharm. Sci. & Res.,
2018,9(11), 4601-09.

Shaju, K. S.; Joby, T. K. Raphael, V.P.; Kuriakose, S.N. J. Appl. Chem., 2014, 7(10),
64-68.

Losada, J.; Del Peso, L.; Beyer, L. Inorg.Chim. Acta., 2001, 321, 107-115.

Kuate, M.; Ngandung, E. M.; Kamga, F.A.N.; Paboudam, A.G.; Mariam, C.A.; Pecheu,
C.N.; Ignas, T.K.; Ndifon, P.T. Egypt. J. Chem., 2022, 65(9), 477-495.

Volume 17, Issue 08, August/2025 Page No0:173



